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Abstract The study investigated the use of batch and
continuous thermosonication for pasteurization of pumpkin
(Cucurbita moschata) juice emphasizing on its microbial,
physicochemical and sensorial quality parameters. Batch
thermosonication (40, 50, 60 °C, 37 kHz, 150 W) of
pumpkin juice was compared with the ultrasonication
(23 °C) and conventional heat treatments (40, 50, 60 °C).
For batch thermosonication, maximum inactivation of
K-12 was 6.62 £ 0.00 log cfu/mL,
meanwhile, it was 3.64 £ 0.19 log cfu/mL for heat treat-
ment. In addition, only 0.37 + 0.21 log cfu/mL inactiva-
tion in E. coli K-12 was obtained by ultrasonication. The
designed continuous thermosonication system (0.029
L/min, 60 °C) reduced E. coli K-12 by 6.23 £ 0.34 cfu/
mL log after cycle 3 (34.15 min of processing). Color
properties (L*, a*, b*, AE), pH, total titratable acidity, total
soluble solids content, turbidity and non-enzymatic
browning index were determined for batch and continu-
ously thermosonicated, ultrasonicated and heat-treated
pumpkin juices. Total color change of continuously ther-
mosonicated samples were higher than the batch ther-
mosonicated (60 °C) ones but, lower than the conventional
heat treated (60 °C) samples. Sensory panel showed gen-
eral acceptance scores of fresh, batch (60 °C) and contin-
uously thermosonicated pumpkin juice samples have no
significant (P < 0.05) difference. Continuous treatment
results supported by the batch ones revealed that
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thermosonication could be effectively used for pasteuriza-
tion of pumpkin juice producing a safe product with min-
imum changes in physicochemical and sensorial properties.

Keywords Pumpkin juice - Thermosonication -
Ultrasound - Heat treatment

Introduction

Pumpkin is a popular crop with an approximate world
production rate of 26.5 million tons (including squash and
gourds) in 2016 (FAOSTAT 2018). Cucurbita moschata
used in this study belongs to the genus Cucurbita and
Cucurbitaceae family which are usually used in the pro-
duction of jams, jellies, purees, alcoholic beverages and
local desserts (Kim et al. 2012). Pumpkin was reported to
be a good source of carotenoids and B-carotene (vitamin A
precursor) and phenolics, flavonoids, vitamins (A and C),
amino acids as well which were mostly responsible for the
antioxidant activity of pumpkins (Nakhon et al. 2017).
Consumption of carotenoids were reported to prevent
degenerative and cardiovascular diseases, cancer and other
chronic diseases that makes pumpkin juice a suitable bev-
erage for the people interested in consuming healthy food
in their daily diet (Rao and Rao 2007).

As is well known, due to their sugar content and initial
microbial load, fruit and vegetable juices are prone to rapid
deterioration with the contribution of intensive enzymatic
activities of endogenous enzymes released during the
processing of these juices. Conventional heat treatment
(CH) is the most common microbial inactivation method
that is used to ensure extended shelf-life and stability of
fruit and vegetable juices up to date. Nevertheless, unde-
sirable effects of thermal treatment on the sensorial,
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physicochemical and nutritional properties of food and
increasing demand of consumers to the fresh-like food with
high sensorial and nutritional quality have led the scientists
to search for alternative food preservation techniques
(Anaya-Esparza et al. 2017). Ultrasonication (US) of food
is a promising technology. The changes in pressure due to
ultrasonic waves caused cavitation. Cavitation has bacte-
ricidal effect through the thinning of peptidoglycan layer of
cell wall membranes, generation of local hotspots and
production of free radicals (Paniwnyk 2017). On the other
hand, many researchers revealed that ultrasound treatment
combined with the moderate heat, which is called ther-
mosonication (TS), is more effective than solely using US
(Herceg et al. 2013). With the combination of US and heat,
a synergistic effect on the microbial inactivation is possible
due to the stress factors generated for the target microor-
ganism within the frame of the hurdle concept (Chemat
et al. 2011). However, it was also reported that increasing
the temperature of medium may reduce the effect of cav-
itation by hampering the formation of large bubbles
(Guerrero et al. 2001). In case of long time and temperature
exposure of fruit and vegetable juices during processing,
emergence of Maillard reactions are also possible that will
primarily affect the color and flavor attributes of juice in an
adverse way (Jaeger et al. 2010). Food and Drug Admin-
istration (FDA) has reported that the technologies devel-
oped to have a stable product should ensure the reduction
of the target bacteria (such as Escherichia coli and Listeria
monocytogenes) by at least five log (FDA 2004). Therefore,
in the light of these listed information, it is necessary to
optimize the thermosonication conditions, to produce fruit
or vegetable juices having acceptable microbial, physico-
chemical and nutritional quality. Acidification (pH < 4.6)
of low-acid (pH > 4.6) vegetable juices such as pumpkin
juice (pH: 5.65 to 5.82) enables the use of pasteurization
(below 100 °C) process that is more sensitive to sensorial
and nutritional quality of vegetable juices (Wu and Chen
2011). On the other hand, reduced pH of pumpkin juice is
advantageous for microbial inactivation that low pH value
of the medium was reported to reduce the resistance of cell
to TS by altering the cell membrane permeability and
structure (Marx et al. 2011).

After the successes obtained on the use of TS for
microbial inactivation of pathogenic or spoilage bacteria in
liquid food by batch treatments, laboratory scale studies
evolved to the continuous flow ultrasonic systems that will
enable scale-up of TS to industrial scale. Several previous
studies used continuous flow-through ultrasonic systems to
inactivate microorganisms in various fruit and veg-
etable juices (Zenker et al. 2003; Valero et al. 2007;
Mohideen et al. 2015). However, to the best of the Authors’
knowledge, there is no reports on the thermosonication of
pumpkin juice for microbial inactivation using a batch or

continuous flow system. Studies on the preservation of
pumpkin juice are limited.

The objective of this study is to evaluate the effects of
batch ultrasonication, thermosonication and conventional
thermal treatment on the microbial and physicochemical
properties of pumpkin (Cucurbita moschata) juice. In
addition, a newly designed continuous-flow thermosoni-
cation system was tested for the inactivation of inoculated
E. coli K-12 and physicochemical quality attributes of the
pumpkin juice.

Materials and methods
Pumpkin juice extraction

Pumpkins (Cucurbita moschata) were purchased from a
local greengrocer at Osmaniye, Turkey. Pumpkins were
selected according to their pale orange, undamaged skin
and characteristic elongated pear shape. Pumpkins with
decayed flesh were not used in this study. Washed pump-
kins were peeled by a hand knife, their seeds and fibers in
the center were discarded. Pumpkin juice was extracted
from the fleshes of the pumpkin by a home-type juice
extractor (J700, Braun, Germany). Produced pumpkin juice
was processed or analyzed in the same day immediately
after acidification by lemon juice (manually squeezed) until
pH around 4.3.

Microbial analyses

E. coli K-12 (ATCC 25253), a non-pathogenic surrogate of
E. coli O157:H7 was selected as the target microorganism
to determine the microbial inactivation and gradually
adapted to pH 4.3 using citric acid. Nutrient broth (peptone
from meat 5.0 g/L; meat extract 3.0 g/L) (Merck, Ger-
many) was used as the enrichment medium. To inoculate
the pumpkin juice samples, cells propagated in tryptic soy
broth with 0.75% glucose were harvested. Before E. coli
K-12 inoculation, pumpkin juice was pasteurized at 90 °C
(internal temperature) in 100 mL Pyrex bottle for 10 min
using a water bath (Precisdig, JP Selecta S.A., Spain) to
eliminate background microflora. Adequate tubes of sus-
pended E. coli K-12 cells were inoculated into the pas-
teurized and cooled pumpkin juice to reach inoculum level
of 10°~7 cfu/mL. Enumeration was done by surface plating
on tryptic soy agar in duplicate as described in Unluturk
et al. (2008).

Physicochemical analyses

CIE L* (lightness), a* (redness) and b* (yellowness) color
parameters were measured using a Konica Minolta CR 400
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Chromometer (Konica Inc., Japan) in triplicate. Total color
change (AE) was calculated by Eq. 1 with untreated
pumpkin juice accepted as the reference.

A8 =\ [[(L~ Ly + (@ =g+ 0= bg?] (1)

pH of the juice samples was determined by a pH meter (HI
2211, Hanna Instruments, USA) at 25 °C. Total titrat-
able acidity was determined and calculated according to
Tomadoni et al. (2017) and expressed in % anhydrous citric
acid (ACA). The non-enzymatic browning index (NEBI)
was quantified by adding 5 ml of ethyl alcohol to 5 ml of
sample, centrifuging for 20 min at 3000 rpm and the
absorbance of the supernatant was read at 420 nm in a
spectrophotometer (SP 3000 nano, Optima, Japan). Total
soluble solids content (°Bx) and turbidity of the juice
samples was measured at room temperature by a digital
refractometer (Kriiss DR6000, Kriiss Optronic GmbH,
Germany) and turbidimeter (HACH 2100 N, HACH
Company, USA), respectively. Turbidity results were given
as nephelometric turbidity unit (NTU). Density and vis-
cosity of pumpkin juice were measured by a digital density
meter (Kyoto DA650, Kyoto electronics manufacturing
Co., Ltd, Japan) at 20 °C and by Brookfield Viscometer
LVDV-II 4+ PRo Extra (Brookfield Engineering Labora-
tories, USA) with SC4-18 spindle and 13RP sample
chamber at 22 °C, respectively.

Ultrasonication, thermosonication and conventional
heat treatment

The pumpkin juice samples were treated in 10 mL plastic
capped sterile glass test tubes by immersing in the geo-
metric center of the ultrasonic bath (Elmasonic ultrasonic
E-100H, Germany) with 37 kHz frequency and 150 W
effective ultrasonic power or static water bath (Precisdig,
JP Selecta S.A., Spain). The duration of treatments (30 min
for TS and US, 15 min for CH) were selected because
inacceptable color observed in the pumpkin juice (pre-
liminary studies) after 30 min of TS and 15 min of CH at
60 °C. The temperatures of pumpkin juice samples were
kept constant at 23 £ 1 for US and 40 £+ 3, 50 & 3,
60 £ 3 °C for TH and CH treatments. Temperature mon-
itoring was done by a K-type thermocouple that was
replaced in an extra test tube of pumpkin juice. After US,
TS or CH treatments test tubes were immediately
immersed into ice bath to avoid excess heat. All treatments
were performed in dark to avoid any possible interference
with light. The following codes were used to describe the
different treatments in this study: control (freshly prepared
or no treatment); US (ultrasonicated); TS40, TS50 or TS60
(thermosonicated at 40, 50 or 60 °C respectively); CH40,
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CHS50 or CH60 (conventionally heat-treated at 40, 50 or
60 °C respectively).

Continuous thermosonication system and flow
dynamics

Pumpkin juice was circulated in the designed continuous
system (Fig. 1). Inoculation of E. coli K-12 (10%~7 cfu/mL)
was done after the temperature of pumpkin juice balanced
to 60 °C in the reservoir flask (250 mL). The inoculum
distributed homogenously by a Teflon® magnetic stir bar
and a magnetic stirrer placed under the reservoir. The flow
rate was adjusted to 0.029 L/min via a peristaltic pump
(Percom N-M, Selecta, Spain). Pumpkin juice was exposed
to thermosonication (Fig. 1A) as it flows through the sili-
cone pipe (244 cm) that was completely immersed in the
ultrasonic bath (at 60 £ 3 °C). K-type thermocouple and
infrared thermometer (Fluke IR Thermometer 568) were
used to monitor temperatures of water in the ultrasonic bath
and pumpkin juice in the reservoir flask and silicone pipes
(@ 5 mm). Samples were aseptically taken using Bunsen
burner flame. Sampling times were 0, 3.65 (cycle 1), 18.9
(cycle 2) and 34.15 (cycle 3) minutes. For each cycle, juice
residence time was 2.87 min in the ultrasonic bath.
Reservoir and piping were autoclaved (121 °C, 15 min)
before and after each treatment.

The viscosity (p), density (p), average rate of flow (v) of
pumpkin juice were; 1.84 x 107> Pa's, 1041.84 kg/m’,
0.0246 m/s, respectively. Average rate of flow was calcu-
lated by the volumetric flow rate (m?/s) divided by cross-
sectional area of tube (m?). The diameter of tube (D) was
5 x 107 m. Using Eq. 2, Reynolds number was calcu-
lated as 7.0. Then a laminar type of flow can be referred, as
the Reynolds number less than 2100 indicates laminar flow
for Newtonian liquids.

Dv
Nio = 2P 2)
u

Sensory evaluation

A panel consisting of 20 untrained panelists was estab-
lished. 30 mL of fresh, batch thermosonicated and con-
tinuously thermosonicated pumpkin juice samples were
served to the panelists under room temperature. Batch
thermosonication was conducted at 60 °C as mentioned in
Thermosonication section. Continuously thermosonicated
(0.029 L/min, 60 °C) pumpkin juice samples were pro-
duced using the designed continuous thermosonication
system (Fig. 1) by collecting the juice from the third cycle.
Sensory panel was carried out immediately after the pro-
duction of fresh, batch and continuously thermosonicated
samples. Samples were coded by 3-digit random numbers.
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Panelists were asked to rate odor, aroma, color, flavor,
appearance, sweetness, sourness parameters and general
acceptance of samples using a 5-point hedonic scale, where
I indicated “very much disliked”, 3 indicated “neither like
nor dislike” and 5 indicated “liked very much”. For
eliminating the residual taste between samples, water and
unsalted cracker was provided to panelists.

Statistical analysis

All treatments (batch or continuous) and analyses were
carried out in triplicate. The results of microbial, physic-
ochemical and sensorial analyses were evaluated by one-
way analysis of variance (ANOVA) test using Minitab
software (Minitab Inc., State College, PA, USA). The
differences among means were compared by Tukey test.
Significance level was 0.05 for the p value.

Results and discussion

Microbial inactivation of E. coli K-12 in batch
treatments

FDA’s 5 log reduction in the target microorganism crite-
rion was well accepted by many researchers and emerging
food stabilization techniques were designed and tested to
approach this goal. Within this perspective, microbial
inactivation performances of ultrasonication, thermosoni-
cation and conventional heat treatment methods were
evaluated via log reduction in the number of target
microorganism E. coli K-12 for the pasteurization of
pumpkin juice and illustrated in Fig. 2. The results in
Fig. 2 revealed that ultrasonication was able to inactivate
E. coli K-12 only by less than 1 log, however, ther-
mosonication at 60 °C complied with the FDA’a 5 log
criterion by 6.62 %+ 0.00 log cfu/mL reduction in the target
microorganism. Thermal treatment at 60 °C could only
inactivate E. coli K-12 by 3.64 £ 0.19 log cfu/mL that was

not appropriate to reach FDA’s 5 log criterion. During
thermosonication, acoustic cavitation may enhance heat
transfer throughout the ultrasound bath and inside the
sample due to improved critical heat flux and increased
heat transfer coefficient (Zhang et al. 2015).

The microbial inactivation performance of thermosoni-
cation increased as the treatment temperature increased
from 40 °C to 60 °C (Fig. 2). It is possible that the cell
walls of E. coli K-12 were weakened by ultrasound and
became more sensitive to heat treatment (Anaya-Esparza
et al. 2017). Another reason will be the low pH of studied
pumpkin juice (pH > 4.3) that may reduce the resistance of
E. coli K-12 cells to thermosonication via affecting mem-
brane permeability (Marx et al. 2011). Abid et al. (2014a)
similarly observed an insignificant reduction in natural
microflora of apple juice by ultrasonication, however,
whole inactivation could be achieved by thermosonication
at 60 °C.

Physicochemical changes in batch treatments

Major goal of preservation methods for fruit or veg-
etable juices is to eliminate microbial risks for the con-
sumer health. However, physicochemical, organoleptic and
nutritional properties of juices should also meet con-
sumers’ acceptance criteria. Therefore, effect of ultrason-
ication, thermosonication and conventional heat treatment
methods on the physicochemical properties of pumpkin
juice was determined. Color is the key criterion for the
consumers for the decision of accepting or rejecting the
fruit or vegetable juices (Abid et al. 2014a). Total color
change (AE) of conventional heat treatment (CH-40, 50,
60) samples were significantly (P < 0.05) higher compared
to the ultrasonicated (US) and thermosonicated (TS-40, 50,
60) samples (Table 1). The differences in total color
change were observed as a result of the significantly
(P < 0.05) higher a* and b* values of CH-40, 50 and 60
samples compared to US, TS-40, 50 and 60 samples
(Table 1). Any change in a* value of fruit or
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Fig. 2 Effects of
ultrasonication,
thermosonication and
conventional heat treatments on
log reduction in E. coli K-12
count in pumpkin juice. US:

23 °C, 30 min; TS-40, 50, 60:
thermosonication at 40, 50 and
60 °C, 30 min; CH-40, 50, 60:
conventional heat treatment at
40, 50 and 60 °C, 15 min.
Different letters above the bars
represent significant differences
(P < 0.05) among treatments
according to Tukey test

Table 1 Color parameters and
non-enzymatic browning index
of pumpkin juice after batch
treatments
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Treatment Color parameters NEBI
L* value a* value b* value AE

Fresh 40.88 + 0.18%°  1.96 + 0.06" 22.16 + 0.49°F 0.20 £ 0.00°
US 4073 £ 0.13%® 2,06 £+ 0.14°F  23.15 £ 0.65°%T  1.04 £ 061>  0.18 £ 0.01°
TS-40 41.24 + 0.26* 2.28 + 0.08° 22.82 + 0.44%" 0.89 + 0.38°  0.20 + 0.01°
TS-50 40.44 + 047 202 £ 0.01°"  22.03 £+ 0.84°" 1.02 +£031°  0.24 + 0.02°
TS-60 4032 £ 059 221 £0.12°F  21.60 + 0.76 124 £029° 033 +0.02°
CH-40 41.20 £ 0.19* 3.66 + 0.06° 26.07 £ 0.57° 429 +0.52° 034 + 0.02°
CH-50 41.13 £ 0.08* 4.02 + 0.03¢ 25.44 + 0.09°° 420 £ 0.07°  0.28 £ 0.00°
CH-60 40.07 £ 0.29%°  4.33 £ 0.06° 24.81 + 0.33%¢ 3.66 + 028 0.27 + 0.00°

Values are means + standard deviations of triplicate determinations

Fresh: no treatment; US: ultrasonicated at 23 °C for 30 min; TS-40, 50, 60: thermosonicated at 40, 50,
60 °C for 30 min; CH-40, 50, 60: conventional thermal treatment at 40, 50, 60 °C for 15 min, NEBI: non-

enzymatic browning index

Values with different superscript letters in a column are significantly different (P < 0.05)

vegetable juices will be associated to the browning fact as
well as the degradation of carotenoids responsible for the
specific color of that juice (Pokhrel et al. 2017). Then,
insignificant changes in a* and b* values of TS pumpkin
juice samples indicated insignificant degradation of car-
otenoids. Treatment type has no significant effect
(P < 0.05) on the L* value of pumpkin juice (Table 1).
According to Cserhalmi et al. (2006) color change in US
and TS (TS-40, 50, 60) samples were slightly noticeable,
whereas it was well visible for the CHT samples (CH-40,
50, 60).

Non-enzymatic browning was defined as the browning
of fruit or vegetable juices as a result of reactions that may
cause undesired effects on the color and nutritional prop-
erties of the food (Caminiti et al. 2011). Non-enzymatic
browning index values of heat treated samples were
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relatively higher than that of fresh, ultrasonicated and
thermosonicated samples (Table 1), in compatible with the
effect of treatments on the a* values of pumpkin juices
(Table 1). Non-enzymatic browning index of fresh, ultra-
sonicated and 40 °C-thermosonicated samples have no
significant (P < 0.05) difference showing the cavitation
during the sonication did not induced the Maillard reac-
tions (Caminiti et al. 2011). However, as the thermosoni-
cation temperature raised from 40 to 60 °C (Table 1),
NEBI of pumpkin juice samples increased significantly
(P < 0.05) possibly due to the formation or release of
brown pigments in the pumpkin juice. Maran et al. (2015)
stated extraction yield of natural pigments (betacyanin and
betaxanthin) from a plant source (Bougainvillea glabra
flower) increased with the increasing temperature due to
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accelerated solubility and diffusivity of solid from the plant
material using ultrasound-assisted extraction techniques.
On the other hand, NEBI of heat-treated pumpkin juice
samples reduced with the increasing temperature (Table 1),
indicating the degradation of pigment compounds as sim-
ilarly observed by Ceron-Garcia et al. (2018) during the
heat-assisted extraction of carotenoids from microalgae
Tetraselmis suecica and Protoceratium reticulatum.
Figure 3a, b illustrated the effect of ultrasonication,
thermosonication and conventional heat treatment on the
pH and titratable acidity of pumpkin juice. The treatments
did not induce any significant change (P < 0.05) in the pH
of pumpkin juice. Cruz-Cansino et al. (2015) reported no
significant difference (P < 0.05) between the pH values of

thermosonicated (at 47.5 and 50.0 °C) and fresh purple
cactus pear juice samples. According to Fig. 3a, pH values
of all treated samples were in the range of 4.12-4.17. pH
change is directly related to the sensorial quality of a fruit
or vegetable juice. Then, the non-significant change
(P < 0.05) in the pH of TS-60 (the most successful E. coli
K-12 inactivation treatment) with respect to the fresh
pumpkin juice was a positive result for the manufacturers’
choice of thermosonication. Additionally, there was no
significant difference (P < 0.05) between the ultrasoni-
cated, thermosonicated or heat-treated samples and the
fresh pumpkin juice (Fig. 3a) with respect to titrat-
able acidity (% ACA). This result was in accordance with
the findings of Tomadoni et al. (2017) who have observed

Fig. 3 Effects of US, TS and 7 1.5
CH treatments on the a pH and (a)
titratable acidity and b total 6 b pH ===titratable acidity 1.4
soluble solids content and 13 =
turbidity of pumpkin juice. : .'.-":
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ultrasonicated at 23 °C for =
30 min; TS-40, 50, 60: 1.1 ;
thermosonicated at 40, 50,60 °C Q.
for 30 min. Different letters 1.0 2
above the bars represent 0.9 ‘i
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non-significant effects of heat treatment (90 °C, 60 s) and
ultrasonication (10 min) with respect to control on the total
acidity of strawberry juice.

Pumpkin juice samples having 9.2-9.6°Bx (Fig. 3b) is
compatible with the ones reporting 12°Bx for apple juice
(Abid et al. 2014a), 7.8°Bx for pulpy carrot juice (Ordofiez-
Santos et al. 2017) and 10.3°Bx for strawberry juice (To-
madoni et al. 2017). The applied treatments had no sig-
nificant effect (P < 0.05) on the total soluble solids content
of pumpkin juice (Fig. 3b). Similarly, non-significant
effect of ultrasonication, thermosonication and conven-
tional heat treatment on the total soluble solids content of
fruit or vegetable juices was observed in various studies
(Abid et al. 2014a; Adiamo et al. 2017). Santhirasegaram
et al. (2013) stated that low power ultrasound applications
(used in the present study) may enhance clarity due to
reduction in viscosity and pectin content. However, in the
present study, the turbidity of thermosonicated or ultra-
sonicated samples did not differ significantly (P < 0.05)
from the fresh pumpkin juice (Fig. 3b). Turbidity levels of
conventional heat treated pumpkin juice samples were
significantly higher (P < 0.05) than the fresh, ultrasoni-
cated and thermosonicated ones (Fig. 3b). Increased tur-
bidity in orange-carrot juice blend after heat treatment
(98 °C, 21 s) with respect to untreated juice was also
observed by Rivas et al. (2006). Ugarte-Romero et al.
(2006) reported higher turbidity for heat treated apple cider
samples compared to the thermosonicated (40 and 60 °C)
ones due to probable effect of relatively long (> 17.7 min)
thermosonication time causing turbidity loss.

Microbial inactivation of E. coli K-12 in continuous
thermosonication system

As the microbial and physicochemical results in batch
treatment revealed the potential use of thermosonication
for the pasteurization of pumpkin juice, a bench-top con-
tinuous thermosonication system was designed, set up and
used for the same purpose to create an information
infrastructure for the industrial production process of
pumpkin juice.

Maximum log reduction in E. coli K-12 number among
the batch treatments was obtained at 60 °C thermosonica-
tion (Fig. 2), therefore the continuous thermosonication
system was experimented at 60 °C for the pasteurization of
pumpkin juice (Fig. 1). Inactivation of E. coli K-12 inoc-
ulated to the 250 mL pumpkin juice was monitored
(Table 2) by sampling at cycle (pass) 1, cycle 2 and cycle 3
during the flow at a rate of 0.029 L/min through the
designed continuous thermosonication system at 60 °C.
Table 2 indicates after cycle 1, log reduction in E. coli
K-12 number was 2.49 log 4+ 0.22 cfu/mL. The log
reduction in E. coli K-12 increased as the cycle number
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increased and reached to 6.23 £ 0.34 cfu/mL inactivation
after cycle 3 (Table 2). The circulation of pumpkin juice
was terminated after cycle 3 as the microbial inactivation
of the target microorganism complied with the FDA’s 5 log
reduction criteria. For each cycle, pumpkin juice was
subjected to thermosonication for 172 s (mean residence
time within the ultrasonic bath at 60 °C), which is equal to
8.6 min of total thermosonication at the end of cycle 3. The
difference between the batch thermosonication (Fig. 2) at
60 °C (TS-60) and continuous thermosonication at 60 °C
(cycle 3) was insignificant (P < 0.05) with respect to log
reduction in E. coli K-12 number, however, thermosoni-
cation time was reduced by 71% that makes continuous
system more economic allowing the user to pasteurize
relatively higher volume of pumpkin juice in a shorter
time.

There are limited reports on the use of continuous sys-
tems for pasteurization of juices by ultrasonication or
thermosonication. Among these Mohideen et al. (2015)
reported to obtain 1.36 log reduction in aerobic plate count
in the blueberry juice flowing in the continuous ultrasoni-
cation system with 93.5 mL/min (100% amplitude). Simi-
larly Valero et al. (2007) could achieve negligible
reductions of microbial count after continuous ultrasonic
treatment of orange juice with a flow rate of 3000 L/h. In a
pilot scale ultrasound-assisted thermal treatment system
designed by Zenker et al. (2003), target microorganism
E. coli K12 DH 5 o inoculated in phosphate buffer (pH 7.0)
was inactivated by 3.8 log flowing with 26 L/h at 60 °C.

Physicochemical changes in continuous
thermosonication system

The designed continuous thermosonication system was
able to meet FDA’s 5 log inactivation criterion in the
inactivation of E. coli K-12, however, besides the microbial
safety, manufacturers should also guarantee physico-
chemical and nutritional properties of the processed fruit or
vegetable juices. Therefore, some important physico-
chemical properties of pumpkin juice during its flow in the
designed continuous thermosonication system was deter-
mined (Table 2).

In the present study, lightness (L* value) of the pumpkin
juice thermosonicated in the continuous system was sig-
nificantly higher than the control (Table 2). Contrary to this
result, Mohideen et al. (2015) found that ultrasonication
slightly reduced the lightness of blueberry juice in a con-
tinuous system. According to Tiwari et al. (2009), the
reduction of lightness in juices indicates browning and a
darker color. It was also observed that no significant dif-
ference (P < 0.05) in the lightness of pumpkin juice
occurred during its circulation (between cycle 1, 2 or 3) in
the system. In accordance with the results of batch
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Table 2 Microbial and physicochemical changes in continuous thermosonication of pumpkin juice

Microbial or physicochemical property Fresh 1. Cycle 2. Cycle 3. Cycle

Log reduction in E. coli K-12 count (cfu/mL) - 2.49 4+ 0.22° 4.00 £ 0.24° 6.23 £+ 0.34%
L* 42,12 4 0.16° 43.58 £+ 0.37° 43.70 £+ 0.45° 43.86 + 0.68"
a* 3.54 £ 0.04° 4.01 £ 023 4.56 + 0.25° 473 + 046"
b* 31.41 £ 0.34* 32.07 £ 0.52° 32.37 £ 0.10° 32.41 £ 0.65*
Total color change (AE) - 1.77 £ 0.35% 2.17 £ 0.19% 2.36 £+ 0.99*
pH 4.41 £ 0.00* 4.42 £ 0.03* 4.43 £ 0.01* 4.46 £ 0.01*
Titratable acidity (%, ACA) 0.99 + 0.01* 0.90 £ 0.00° 0.99 + 0.01° 0.97 + 0.00°
Total soluble solids content (°Bx) 9.13 £+ 0.05* 9.00 £ 0.16" 9.20 £+ 0.16" 9.37 £+ 0.05"
Turbidity (NTU) 3606.00 + 61.19° 4295.00 + 188.23" 4464.00 £ 199.06" 4501.00 + 53.24*
Non-enzymatic browning index (A420 nm) 0.31 £ 0.02% 0.26 £ 0.02% 0.28 £ 0.03% 0.24 £ 0.01°

Values are means + standard deviations of triplicate determinations

Values with different superscript letters in a row are significantly different (P < 0.05)

experiments (Table 2), redness (a*) values of the contin-
uously thermosonicated pumpkin juice samples were rela-
tively higher than the control. However, contrary to the
results of batch experiments, continuous thermosonication
achieved to fix the non-enzymatic browning index values
of the pumpkin juice samples compared to the control. This
result is also in accordance with the slightly improved L*
values of the continuously thermosonicated samples com-
pared to the control (Table 2). Continuous thermosonica-
tion (cycle 1, 2 or 3) did not cause a significant difference
(P < 0.05) in the yellowness (b*) of the pumpkin juice
samples with respect to the control.

A non-significant difference (P < 0.05) was obtained
between the total color change (AE) values of the pumpkin
juice samples taken from the cycles 1, 2 and 3. The AE
value at the end of cycle 3 was observed as 2.36 + 0.99,
that is classified as noticeable (1.5 < AE < 3.0) according
to Cserhalmi et al. (2006). Batch thermosonicated (60 °C)
samples were in the slightly noticeable (0.5 < AE < 1.5)
group (Table 2), indicating continuous thermosonication at
60 °C resulted in relatively higher change in total color.
Orange juice treated by a continuous ultrasound-assisted
thermal system for 30 s was found to have 2.56 of AE
(Zenker et al. 2003), that is in accordance with the AE
value of pumpkin juice obtained after cycle 3 of the present
study (Table 2).

Continuous thermosonication (60 °C) (for cycles 1, 2
and 3) did not significantly (P < 0.05) change the pH and
total soluble solids content of pumpkin juice samples
compared to control (Table 2) compatible with the findings
of Mohideen et al. (2015). A fluctuation was observed
between the total titratable acidity values of the ther-
mosonicated (for cycles 1, 2 and 3) and control samples
(Table 2). Circulation of the pumpkin juice in the

continuous thermosonication system did not significantly
(P < 0.05) change the turbidity of the samples, on the other
hand, the mentioned values were significantly (P < 0.05)
higher than the control (Table 2). No measured turbidity
value could be found in the literature for any continuously
thermosonicated fruit or vegetable juice. However, the
increase in turbidity of the continuously thermosonicated
pumpkin juice samples with respect to control may be
caused by the slight increase in the total color change,
likewise Donahue et al. (2004) have reported of a corre-
lation between turbidity and color of juices. Continuous
thermosonication (for cycles 1, 2 and 3) did not signifi-
cantly (P < 0.05) changed non-enzymatic browning index
of pumpkin juice samples compared to control, however,
Valero et al. (2007) reported significantly (P < 0.05)
increased NEBI values after continuous ultrasonication of
orange juice with respect to the fresh samples.

Effect of treatments on sensory properties
of pumpkin juice

Consumers’ choice of acceptance or rejection of juices
mainly depend on the satisfaction of sensory expectations.
Therefore, effect of batch (60 °C 30 min) and continuous
(0.029 L/min, 60 °C) thermosonication on the organoleptic
properties of pumpkin juice was evaluated by a sensory
panel. The sensory scores of batch and continuously ther-
mosonicated samples were compared to fresh ones. Sen-
sory analysis results were given in Table 3. The batch and
continuous thermosonication significantly (P < 0.05)
affected aroma, color, flavor and sweetness of pumpkin
juice samples. Abid et al. (2014b) reported ultrasonication
treatment enhances release of sugar from ultrasound-dis-
rupted cells. However, panelist scores for sweetness were
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Table 3 Sensory evaluation of

Batch thermosonicated (TS-60) Continuously thermosonicated

fresh, batch and continuously Sensorial parameter Fresh

thermosonicated pumpkin juice Odor 3.0 + 1.3%
Aroma 3.7 +£1.2°
Color 4.1+ 13%®
Flavor 37+ 1.7°
Appearance 4.0 + 1.1*
Sweetness 3.6 + 1.4*
Sourness 3.4 +1.5%
General acceptance 3.4 +1.5%

29 + 1.0° 23+ 1.1°
2.8 £ 1.0% 25+ 1.2°
44 + 1.1° 32+ 09°
25+ 12° 23+ 1.1°
42 4+ 1.3° 3.7 +0.8*
2.8 £ 1.1% 21+12°
27 + 1.3 3.1 + 1.4°
33+ 1.2° 27 + 1.2°

Values are means =+ standard deviations of 20 determinations

Fresh: no treatment; Batch thermosonicated: 60 °C, 30 min, Continuously thermosonicated: at 60 °C, from

cycle 3

Values with different superscript letters in a row are significantly different (P < 0.05)

lower for batch and continuously thermosonicated samples
compared to fresh one. The panelists’ liking for the sour-
ness of both thermosonicated samples was lower than the
fresh ones (Table 3). Tomadoni et al. (2017) also reported
of ultrasonicated strawberry juice having higher acidity
scores than the untreated samples. On the other hand, color
of batch thermosonicated samples were superior to the
continuously thermosonicated samples, which is also
compatible with the total color change (AE) results where,
continuously thermosonicated samples (Table 2) had
higher AE values than the batch ones (Table 1). No sig-
nificant (P < 0.05) difference can be found between the
three types of samples with respect to odor, appearance,
sourness and general acceptance. However, batch or con-
tinuously thermosonicated samples had lower scores
compared to the fresh pumpkin juice in general. These
results showed that thermosonication treatment had a slight
effect on the sensory properties of pumpkin juice.

Conclusion

This study demonstrated the potential use of batch ther-
mosonication for the pasteurization of pumpkin juice
compared with the ultrasonication and conventional heat
treatment. In addition, a novel bench-top continuous ther-
mosonication system (60 °C of process temperature, 0.029
L/min flow rate, 34.15 min of total process time) was
tested for the treatment of pumpkin juice. Both batch
(60 °C) and continuous thermosonication by the designed
bench-top system have complied with the FDA’s criterion
of 5 log reduction in the target microorganism. In general,
the physicochemical properties such as color of batch
thermosonicated pumpkin juices were superior to ultra-
sound and heat-treated ones. Sensorial color properties of
batch thermosonicated pumpkin juices had higher scores
compared to the fresh and continuously thermosonicated

@ Springer

ones, whereas the difference between general acceptance of
all three tested samples were statistically (P < 0.05)
insignificant. Promising microbial, physicochemical and
sensory evaluation results showed that continuous ther-
mosonication system is a useful technology to obtain a safe
and minimally processed pumpkin juice. Additionally,
further research would be done on the optimization of the
process conditions to validate and construct an informa-
tional base for the design of a pilot scale thermosonication
process.
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